and Zuazaga (1942) , in serum or heparinized plasma depending upon the series of experiments under way at the time; g, serum or plasma chloride by the method of Volhard-Harvey (1878 , 1910 ; and h, whole blood sugar by the method of Folin and Malmros (1929) . Ingestion of water, salt, glucose or vitamins was as described below for individual series of experiments, and the results will be treated in four separate sections. RESULTS. 1. Water. The most recent papers on the effects of water during work in hot climates (Lee and colleagues, 1940, 1941;  Adolph, 1943; Bean and Eichna, 1943; Johnson, 1943) various levels of water int,ake. Six successive experiments on a single subject marching in dry heat are illustrated in figure 1. In individual experiments he drank either nothing, water enough to keep his thirst satisfied, or water every fifteen minutes equal to the sweat lost in t'hat period. Two complete cycles of experiments were undertaken in t,\velve days. Three pointIs are clear from the figure : First, without1 wat.er the rectal temperature rose steadily to high levels and showed no signs of reaching a steady st,ate. Although the subject, being of far better t,han average stamina, was able to march sixteen miles, he was very tired and inefficient at the end. Second, without water for the first hour, but thereafter with enough to keep thirst quenched at all times, the rectal temperat,urc finally started t,o rise aft,er remaining constantly low for thirteen miles. The subject was able t'o finish ninet'een miles in fairly fresh condition. Finally, when he forced himself to drink water at the same rate as he lost sweat, the body temperature remained very low for tOhis type of work, and the subject after sixteen miles said Ohat he could easily go on all day. It should be emphasized that during work men never voluntarily drink as much water as they s\vc;tt, even though this is advantageous for maintaining heat balance, but usually drink at a rate approximating about two-thirds of the water loss in sweat. Although cool water is more palatable, water at any temperature up to IOO"F. is equally beneficial. The deficit is made up in the rest periods following the day's work (see Adolph a(nd Dill, 1938; .
Significant physiological and biochemical changes may occur in the heat during prolonged work without water to drink.
The data presented in table 1 are  most satisfactorily interpreted by comparing increments or decrements during the course of the various types of experiment.
The absolute levels for any given measurement are less instructive, since the same subjects were not used in all cases, and individual peculiarities in some cases make large differences in the absolute value of the mean. However, all of the subjects showed the same type of change in individual experiments, which makes the increment or decrement more satisfactory than the absolute level for purposes of comparison. When water is withheld it is found that: the rectal temperature and pulse rate rise steadily to uncomfortably high levels; the rate of sweating declines steadily; mechanical efficiency decreases as is shown by an increase in oxygen consumption; and serum protein increases.
The subject gradually feels worse and worse, and eventually becomes incapacitated from exhaustion of dehydration, no matter how tough or well acclimatized he may be. Administration of water combats all of these undesirable changes, and in general the more nearly water intake approximates sweat loss, the better off the subject remains. This is true for moist as well as dry heat as will be seen by comparing sections A and B with C in table 1.
There is a common misconception that evaporation is of relative unimportance as an avenue of heat loss under humid conditions.
When men have to dissipate about 400 Cal. per hour, as our subjects did, evaporation of sweat has to be the chief source of heat loss so long as the relative humidity remains below 100 per cent. Otherwise heat exhaustion supervenes rapidly unless the rate of work decreases.
Under the almost intolerable conditions listed in table 1 B, ingestion of water enabled the subjects to maintain their relative rate of sweating and strikingly to improve their performance. The reason that so few experiments without water are listed is that for comparative purposes we have listed only experiments in which the subject could finish two hours.
In most of the experiments without water, the subjects failed to finish the second hour.
2. Xalt. The ill effects of progressive depletion of the salt reserves are well known (Talbott, 1935; Taylor and colleagues, 1943) . We investigated the effects of administering salt during the day's work in an attempt to determine whether this is advantlageous for fully acclimatized men who receive adequat'e amounts of salt in the daily diet. As pointed out above (section 1) the effects of plain water are so striking that! any further effects of salt have to be compared with this large effect of water.
As is common experience, in experiments testing the effects of salt without water, 10 per cent saline or salt tablets without water were so distressing to the subje&s that it was far preferable to go without anything.
Administration of plain water equal in volume to the sweat led to the beneficial effects discussed above (table 1 C) . It is appropriate to emphasize at this point that the serum chloride remains remarkably constant in prolonged work in the heat, even in spite of profuse sweating, provided the overall daily intake of salt with the meals is adequate.
Therefore in the present experiments it caused no surprise that administration of 0.2 per cent aqueous saline equal in FACTORS   AFFECTING  WORK  OUTPUT  IN HOT  ENVIRONMENT   257 volume to the sweat produced substantially the same effects as the administration of an equal volume of plain water. There was perhaps a tendency for the saline to maintain the rate of sweating better than plain water and also to sustain the serum chloride better.
Neither of these tendencies was striking, and the performance of the subjects certainly did not benefit from them.
Further tests on this point were conducted on eleven subject's marching outdoors in a Boston summer.
On two occasions all marched 10 miles continuously at 4.5 m.p.h. receiving every two miles water approximately equal in volume to the sweat.
On the first occasion the first five subjects received a total of nine grams of salt in enteric coated tablets taken three grams per hour for three hours prior to the march.
On the second occasion the last six subjects, but not the first five, received salt in the above manner.
By comparing the averages for the two groups, it was possible to observe the effects of tihe salt independently of the water.
There was no beneficial effect of the salt on the subjects' feelings, pulse rates or rectal temperatures.
In fact, gastro-intestinal uneasiness was felt by those who had received salt tablets, and their pulse rates and rectal temperatures were slightly less good than those who received only water.
3. Glucose. It has been reported that ingestion of glucose may be beneficial in avoiding or treating heat cramps and heat exhaustion (see a critical review by Talbott, 1935) . In testing the possible beneficial influence of glucose, we compared the effects of moderate and of large amounts of glucose with and without water to drink against the effects of water alone (table 1, C). We may dismiss the large doses (100 grams per hr.) of glucose briefly.
The subjects felt nauseated and so uncomfortable that there was obviously no point in getting more data than we got in the two experiments listed.
With small doses of glucose (25 grams of glucose dissolved in about 30 ml. of water) there was a small but definite advantage over experiments when no water was permitted.
This could have been due to the small amounts of water in which the glucose had to be dissolved before ingestion.
In these experiments with glucose, but almost no water, the increases in pulse rate and rectal temperature, and the decreases in rate of sweatings were almost as large as when neither water nor glucose were taken.
The effects upon oxygen consumption, plasma chloride, plasma protein and blood sugar were insignificant.
These effects were very small in comparison with the beneficial effects of water equal in volume to the sweat, and were more than counterbalanced by the feeling of gastro-intestinal uneasiness, with occasional twinges of nausea, which all of the subjects experienced.
When 25 grams of glucose hourly were administered in addition to water equal to the sweat, no significant advantage in favor of glucose could be detected with the possible exception of a slightly more favorable pulse rate. There were no gastro-intestinal complaints in such experiments.
4. Vitamins. We have been unable to detect any advantage from administering 200 mgm. of ascorbic acid, 20 mgm. of thiamine hydrochloride, 20 mgm. of riboflavin or large doses of brewer's yeast, either singly or together either during work or the day before.
In this connection, recent reports suggest that Robinson and Johnson (1944) .
It would appear from the present experiments that in tlhe case of well acclimat,ized young men whose daily diet is adequate, the best performance of intermittent, work in t.he heat is t,o be achieved by replacing water loss hour by hour sncl salt loss meal by meal.
The 'pra,ct,icA linmatlions of this idealized situation are many. Water transport and supply are sometimes difFicultI.
. When wat!er is available, it should not be forbidden on the traditional ground that, during work it is bad for one (see Johnson, 1943 , for a' discussion of this point), but men should be encoura!ged to drink to ca,pacit,y . Even the toughest, best acclimatized men suffer serious inefficiency in a few hours while working hard wit,hout water.
We have seen a case of true exhaust,ion of dehydration in a man marching for six hours at -20°F. In additJion, t#here is no economy in water t.o be gained by restriction during work, since for practical purposes the loss of ~wea~t is about as great whether or not water is drunk.
i4notiher pracCca1 difficultly sometlimes is that a good daily diet is not available because of failure of supply or is not eat,en because of ignorance, or anorexia which is so common in hot environments.
Cnder such circumstances it is highly desirable t/o ensure adequate intake at least. of wat,er or t(a*blets, and probably of vitamins bY salt,, by means of salted of concentrates. means drinking SUMMARY 1. The best, performa,nce of fully acclimatlized young men on a good daily diet, performing int,ermit$tent hard work in tlhe heat, is achieved by replacing hour by hour t,he water lost in sweat.
. Any amount of water considerably less t!han tlhis leads in a matIter of hours t,o serious inefficiency and eventually to exhaustion.
2. Replacement, of salt hour by hour under such circumstances has no demonstrable advantage.
3. ,4dministration of glucose is of lit(tle if any advantage n-hen compared t*he great benefit of 4. When pracGca1 with large amounts of water. problems of transportation and supply, lack of appreciation of the import:ance of water and salt!, or the anorexia which is so common in hot en .vironment,s, interfere wit,h adequate intake, it: may become desirable to supply salt in t,he drinking water, or less satisfact,orily, in the form of tablets.
